Millions of artificial chemicals have been synthesized since the industrial revolution, and these chemicals, released from domestic and industrial waste into the environment, finally accumulate in the seas. Such release of many organic chemicals makes the sea eutrophic and causes red tide. 1 It is important to know the concentration of organic pollutants in order to prevent the seas from becoming polluted. Organic pollutants in aqueous systems have been reported as BOD (biochemical oxygen demand) and COD (chemical oxygen demand) values. The values measured by the COD and BOD methods have been used as environmental and effluent criteria in Japan. 2 Japan uses the COD method with potassium permanganate, whereas the US and Europe use potassium dichromate (CODCr). When the oxidation condition of COD method with potassium permanganate is acidic (CODMn), large amounts of Cl -interfere with the measurement of COD. In the case of alkaline condition (CODOH), a large amount of chloride ion does not interfere with the measurement of COD. 3 The CODCr method can not be applied to high salinity water. 4 Precise measurement of the total organic carbon (TOC) value is difficult in seawater without pretreatment, as it contains a high concentration of inorganic carbon (IC). The measurement of purged CO2 (NPOC; nonpurgeable organic carbon) is generally distinguished from TOC measurement. 5 We reported that the chemiluminescence (CL) method with potassium permanganate could be used to determine organic pollutants in fresh water at room temperature. 6 The CL method for the determination of organic pollutants in seawater was investigated because potassium permanganate does not react so rapidly with chloride ion at room temperature. 7 The CL method can be applied for the sensitive determination of organic pollutants in seawater.
Experimental

Reagents
All solutions were prepared with special grade reagents (Wako Pure Chemical Industries, Ltd.) and water purified by ion exchange and distillation with potassium permanganate. Artificial seawater was prepared by dissolving NaCl: 23.1 g, MgCl2·6H2O: 11.1 g, CaCl2: 1.16 g, KCl: 0.694 g, SrCl2·6H2O: 0.043 g, Na2SO4: 4.09 g, NaHCO3: 0.20 g, NaNO3: 0.29 g, NaBr: 0.085 g, H3BO3: 0.027 g in one water.
Apparatus and analytical method
The CL analyzer and reaction cell (made of stainless steel, conical vessel) were made in our laboratory. A peristaltic pump (MP-3; EYEAL, Ltd.) and Tygon tubing R-3603 (Norton Co.; i.d.: 2.4 mm, o.d.: 4 mm) were used to lead the sample and the oxidizing reagent solutions to the reaction cell. A schematic diagram of the CL detection system is shown in Fig. 1 . Carrier water and potassium permanganate solution were continuously conducted and mixed in the reaction cell. Sample water was injected by a 10 ml polyethylene syringe (Terumo). The injection valve had a 2 ml sample loop. When the sample was led to the reaction cell, the emitted CL was measured by a photomultiplier tube (Hamamatsu Photonics, Ltd., R374). Ferrous ions (Mohr's salt) were added to the sample and carrier water, because addition of ferrous ion enhances CL emissions. 6, 8 The concentration of ferrous ion was 10 µmol/l (10 mmol/l H2SO4) for the sample and carrier water. Ten mmol/l pyrogallol in artificial seawater with a salinity of 3.4% was used as a standard solution. A unit of relative CL intensity is normalized to 0.1 µmol/l in artificial seawater. CODMn, CODOH, and TOC (total organic carbon) were determined according to the JIS (Japan Industrial Standard) method. 3 TOC was determined using a TOC-500 (Shimadzu).
Results and Discussion
Optimum condition for seawater The optimum condition of the present method for the measurement of organic pollution in seawater might be different from that for fresh water. A study was conducted to obtain the optimum condition for the acidity and the concentrations of potassium permanganate as well as the flow rates of potassium permanganate and sample solutions. Humic acid and tannic acid are the main organic substances in natural water. These substances have polyphenol groups. 9 Pyrogallol was used as a standard compound to obtain the optimum condition. On the examination, artificial seawater which contained ferrous ion (10 µmol/l) and sulfuric acid (10 mmol/l) was used as blank water (carrier water). The injection of the pyrogallol standard solution was carried out by the continuous flow method as fresh water. 6 These results are shown in Figs. 2, 3 , and 4. Constant CL intensity was obtained when the concentration of H2SO4 was above 10 mmol/l. Only a weak CL emission could be obtained at a neutral or alkaline condition. The CL intensity increased gradually to a maximum at 1 mmol/l permanganate concentration and decreased again at a higher concentration of permanganate. This was probably due to signal quenching, since potassium permanganate reagents absorb the emitted CL. In the presence of large amounts of chloride ions, potassium permanganate was consumed in the oxidation of chloride ions to Cl2. CL intensity increased with the increase in the flow rate. A maximum CL intensity was obtained when the flow rates of potassium permanganate and sample solutions were above 13.2 ml/min.
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Flow injection analysis
The measured CL intensity was gradually reduced with flow of sample. This result is shown in Fig. 5 . It is well known that chloride ions react with potassium permanganate, producing manganese dioxide. 10 When the hydroxyl ammonium sulfate solution as a reducing reagent was led to the reaction cell and the surfaces of the reaction cell and Pyrex glass filter were cleaned up, CL intensity was recovered. The manganese dioxide precipitated on the surface of the Pyrex glass, and CL emission was reduced. Flow injection analysis (FIA) was applied for the present method in order to prevent the reduction of CL emission, as mentioned above. The FIA system requires less sample volume. The effect of the sample volume of the pyrogallol standard solution on the signal intensity was examined from 2 to 10 ml. Only the standard sample solution was diluted with artificial seawater. On the other hand, artificial sea salts were not added to carrier water. CL intensity and sample volume show a linear relation from 2 to 10 ml. A 2 ml sample volume was chosen in order to decrease the production of manganese dioxide. No reduction of CL intensity was observed on the FIA system.
Effect of chloride ion on the CL method
The salinity of seawater is constant at almost 3.4% all over the world. 11 However, salinity changes at an estuary. The effect of salinity on CL intensity was also studied. The salinity of the pyrogallol solution was changed by addition of appropriate amounts of artificial seawater. This result is shown in Fig. 6 . The CL intensity increased about 10% with the increase in salinity. The CL method would be suitable for analyzing seawater at an estuary because the change of CL intensity against the salinity is not very drastic.
Analysis of seawater
We reported the correlation of the CL method with CODMn for a fresh water sample in a previous report. 6 The correlation of the CL method with CODMn was studied for a high salinity sample. Samples used were seawater collected at Osaka Bay, tap water, water from a river and three ponds near Osaka Prefecture University, and fish tank water. The result is shown in Fig. 7 . Exact amounts of artificial seawater were added to all samples, except for the seawater sample, during determination of CL. Enough amount of silver nitrate was added to seawater during the determination of CODMn. The result obtained shows that the CL method had a good correlation with the CODMn method even for high salinity samples (correlation coefficient: 0.936).
Natural seawater was analyzed with CL, and the obtained results were compared with those obtained by the CODOH and TOC method. The results are shown in Table 1 . Seawater was collected at Yura harbor, Awaji Island (Osaka Bay). Surface (at a depth of about 1 m) and bottom (at a height of about 1m from bottom) seawater samples were collected at six points (St. 0 -St. 5). The analytical results obtained with CODOH and TOC showed poor reproducibility. The end point of CODOH was unclear because the amounts of organic pollutants in the samples were too low. The relative standard deviation of TOC was 150% because seawater contained a large amount of inorganic carbon (about 20 ppm). On the contrary, the CL method could reproducibly analyze organic pollutants. Since seawater has a lower concentration of organic pollutants than water in ponds or rivers, the CL method would be more useful for the control of eutrophication of natural water or studying the source and mechanism of water pollution by organic pollutants than other methods. 
